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Advisor:  Jeffrey F. Keown 
A prototype smart animal ear tag has been developed to meet the United States 
Department of Agriculture (USDA) animal disease traceability requirement.  This 
novel „Smart Tag‟ is a self–powered device capable of complete animal identification 
and tracking.  Information on animal health, breeding and vaccination records can 
also be locally stored and retrieved from these small, economical and securely 
accessible wireless tags.  These smart tags are capable of self-organizing into wireless 
ad-hoc networks for data reporting and retrieval.  This work presents study of the 
distance coverage of a „Smart Tag‟ and a cost-benefit analysis of „Smart Tag‟ 
implementation. The mean distance range for a single hop (battery source of power) 
was 22.6 ± 1.38 m and for a single hop (solar source of power) was 29 m.   The total 
distance coverage using six „Smart Tags‟ (battery source of power) plus the central 
computer receiving station using multi–hop communication was 136 ± 1.58 m and for 
two „Smart Tags‟ (solar source of power) distance coverage was 54 m.  However, due 
to their ad-hoc wireless nature, the true size of the network is limited by the number 
of available „Smart Tags‟.  The more tags are connected, the larger the network will 
become and the larger the coverage area will be.  Temperature, humidity and wind 
speed had no effect (p > 0.05) on packets received within the transmission range.   
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The economic analysis showed that initial cost of a „Smart Tag‟ system is much 
greater than for current electronic RFID tags found in market due to its unique 
features such as being self-powered, wireless, reusable, having greater distance 
coverage, and having data privacy, however, the benefits may outweigh the 
investment cost compared to other animal identification technologies.  
Key words: animal identification, self-powered, smart tag, tracking, wireless 
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Introduction 
 
Worldwide outbreaks of dangerous livestock diseases such as bovine 
spongiform encephalopathy (BSE) or mad cow disease, scrapie, brucellosis, bovine 
tuberculosis, and avian influenza have increased concern about food safety and   
health status of animals and human beings.  Caja et al. (2000) stated that “The global 
trade of live animals or animal products has dramatically increased the risks of human 
and animal disease outbreaks and makes difficult the traceability in food and feed 
chains.”  In many countries governments have mandated identification of individual 
animals to lessen the grave consequences of spread of such dangerous diseases.  
Disney et al. (2001) concluded that “Individual animal identification is an important 
consideration for many countries to improve animal traceback systems.” 
Discovery of cases of  BSE or mad cow disease in North America and a 
confirmed BSE case in  U.S. in December 2003 (Mathews et al.,  2006), has 
intensified efforts to establish an animal identification program to protect animal and 
human health.  In 2004, the U.S. Department of Agriculture (USDA) announced plans 
for universal tagging of livestock by utilization of radio frequency identification 
(RFID) technology and various databases (APHIS, 2009).  The goal of the national 
animal identification system (NAIS) has been to track meat and dairy animals for 
several reasons including disease control, subsidy eligibility, quality and traceability 
assurance, and certification of animal health movement.  This system would enable 
animal tracking from birth to eventual inclusion in the nation‟s food supply chain and 
would also help state and federal animal health officials to promptly ascertain status 
for issuing both intrastate and interstate animal health movement certificates (APHIS, 
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2009).   Electronic tracking of animals using tags would greatly simplify this process.  
On the farm, information could be used to record for each animal growth rate, feed 
intake, health status and breeding history.  Information on movement of animals could 
be stored to ensure that meat, and its history, could be traced back to an individual 
animal.  Effective animal identification technology is needed for national and 
international programs to control dangerous animal and zoonotic diseases.  Such 
technology could facilitate data-driven decision making by livestock producers 
regarding animal production management, food quality control, and animal health 
management.  
The two most common methods of animal identification are passive and active 
RFID systems.  With passive RFID, a small, non-powered tag with an identification 
number is usually attached to each animal and information is read by a reader device.   
The reader must be in close proximity to the tag, sometimes less than a foot to a 
maximum of a few feet.  The range of RFID readers depends on transmission 
frequency and becomes more expensive as range increases.  Stored information 
cannot be easily updated and, in most cases, the tag has to be replaced or brought very 
close to a programming (reader) device to add new information.  Passive RFID has 
static information which may not meet the objectives of the NAIS plan for updating 
health information.  Active RFID is a form of tagging technology which requires a 
battery pack for each tag.  With active RFID, the communication range can be 
extended but would require a cumbersome battery pack which would create problems 
such as replacement issues, health risks from chafing, stress related to the weight and 
environmental hazards from the battery packs themselves.   The functionality of 
active tags is limited because they do not support bidirectional communication links.   
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Until now, existing animal identification systems have not been self-powered 
and do not provide remote data “read”/ “write”/ “update” capabilities.  They do not 
support a long distance range for each tag so the information can be remotely updated 
without removing the tag.  The size and cost are not affordable for a tag small enough 
to be attached or implanted in the body of animal (where appropriate) without health 
risk.  They do not support remote tracking, do not utilize an energy efficient 
bidirectional wireless communication protocol, and do not have integrated health 
monitoring sensors. 
An animal identification system is needed to overcome these and other 
deficiencies in current animal identification systems.  The prototype of a smart animal 
identification system („Smart Tag‟) was developed at Advanced Telecommunications 
Engineering Laboratory (TEL) located in Omaha, Nebraska at the Peter Kiewit 
Institute, University of Nebraska, to meet the requirements set up by NAIS.  The 
goals of this thesis were to do a distance coverage study of a prototype „Smart Tag‟ 
and to do a cost-benefit analysis of „Smart Tag‟ implementation. 
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Chapter 1. Review of literature 
1.1 Animal identification 
Animal identification dates back to ancient civilizations.  Ancient civilizations 
attached much value to domesticated animals, especially horses (Blancou, 2001).  
Since the Neolithic period, animal identification techniques have been used by herders 
(Landais, 2001).   
Caja et al. (2004) stated that “Different methods of marking animals were used 
by Egyptians, Greeks, Romans, nomadic people of Scandinavia, Asia and Africa, and 
Pre-Hispanic Americans for different purpose.”  Animal identification techniques 
such as giving names, tattooing and branding were used for centuries.  Later ear tags 
made of either metal or plastic were used.  More recently electronic identification 
systems which allow storing more information about an animal than just an 
identification number have been developed (Shulaw, 2010). 
   Livestock identification in the United States has been documented dating 
back to the late 1800's and early 1900's.  Hot iron branding was and is still used by 
cattle ranchers to indicate ownership and deter theft (APHIS, 2009).  Richey et al. 
(2005) indicated that livestock identification became more important for tracking 
diseased animals after outbreaks of rabies and tuberculosis near the end of World War 
I (WWI).  One of the first identification systems was ear tagging of cattle for the 
federal tuberculosis eradication program, which was initiated shortly after WWI 
(Doby, 1977).  In the early 1960s, APHIS began using ear tags, back tags, tattoos and 
face brands. Metal ear tags later became the standard form of identification.  
Eventually automated identification systems were used as a way to help producers 
manage and record data for large herds of livestock (Rossing, 1999).  These 
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identification methods were required by statutory regulations and were successfully 
used to trace movements of diseased animals during disease outbreaks and in 
eradication programs, including those for brucellosis and hog cholera (APHIS, 2009). 
After a case of bovine spongiform encephalopathy (BSE) on December 23, 
2003 demonstrated the need of a national identification and traceability system for 
animals.  In April of 2004, the U.S. Department of Agriculture (USDA) announced 
plans for universal tagging of livestock in the nation with utilization of radio 
frequency identification (RFID) technology and with implementation of various 
databases (APHIS, 2009). 
The purpose of the national animal identification system (NAIS) is to track 
meat and dairy animals for several reasons including disease control, subsidy 
eligibility, quality and traceability assurance, and certification of animal health 
movement.  This system would enable animal tracking from birth to eventual 
inclusion in the nation‟s food supply chain (APHIS, 2009).   The NAIS would also 
allow public health officials to trace animals through the processing chain and help to 
prevent consumption of products that were exposed to disease or harmful pathogens 
(Vitiello and Thaler, 2001).  Holland and Bruch (2010) stated that interest in a 
national identification system has surged for at least two significant reasons: the need 
for immediate response and follow-up to major livestock disease outbreaks and 
increased availability of technologically advanced identification systems.  
Regulations and requirements of food safety and systems for tracing animal 
identification have recently become controversial, and will likely continue to be 
debated in the coming years but these issues should be addressed immediately.  
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Increased awareness of food-related safety issues among food consumers, coupled 
with a more educated public, is driving the demand for more information about the 
food supply chain and specifically, the origin and handling of basic commodities and 
food products generated and consumed throughout the world (Sparks, 2002).  
According to Golan et al. (2004), US private sector food firms are developing, 
implementing and maintaining substantial traceability systems designed to (a) 
improve food supply management, (b) facilitate traceback for food safety and quality, 
and (c) differentiate and market foods with subtle or undetectable quality attributes.  
International concerns for traceback systems have increased due to outbreaks of 
diseases such as avian influenza, swine influenza, BSE, and foot and mouth disease. 
Tonsor and Schroeder (2006) claimed that animal identification in the 
livestock sector is gaining popularity among producers who are looking for strategies 
to 1) increase consumer confidence through improved food safety and traceability, 2) 
improve management tools, 3) increase international trade, and   4) ease concerns 
regarding animal health and bio terrorism.  Animal identification is needed for early 
detection of disease and rapid animal tracing (Pendell, 2006).  Pendell (2006) reported 
that early detection of FMD in 2001 and rapid animal tracing in the United Kingdom 
would have limited the disease spread. 
The USDA has proposed the use of the latest technology to electronically 
record and trace livestock records with high-tech digital computer systems (Ishmael, 
2006).  Electronic identification methods including bar codes and/or radio frequency 
identification (RFID) transponders are becoming increasingly useful tools for herd 
management (APHIS, 2009).  Electronic RFID tags can store information.  Wands or 
electronic readers can retrieve data from the tag (Ishmael, 2006).  The RFID tags have 
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an identification number engraved with a laser on the outside of the tag, which 
corresponds to the International Standards Organization (ISO) number programmed 
on the RFID tag (Mennecke and Townsend, 2005).  
The current primary driving forces behind the development of livestock 
identification systems are based on recognized industry needs (APHIS, 2009).  The 
needs include disease control and eradication, disease surveillance and monitoring, 
plans for emergency response to foreign animal diseases, livestock production 
efficiency, consumer concerns over food safety, and emergency management 
programs (APHIS, 2009).  
 
1.2 Electronic identification systems 
 
Stonehouse (1978) stated that “Despite the key role of electronic identification 
in the retail industry for over 50 yrs, its use in animals was not explored until 1970s.”  
The first applications of electronic identification were to monitor behavior of wildlife 
(Cochran, 1980).  In the early 1970s, research institutes in different countries 
developed the first electronic animal identification systems which were built with 
conventional components and attached to a collar around the cow‟s neck (Rossing, 
1999).  These early devices were large, awkward, susceptible to damage, expensive, 
and not suited to livestock (McAllister et al., 2000).  These early systems are 
categorized as first generation electronic „black boxes‟.  Later, further miniaturization 
of electronics (second generation) allowed development of tiny electronic 
transponders which could be injected under the skin.  The third generation, currently 
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under development, includes read/write possibilities and sensor technologies for 
automatic monitoring of animal health and performance (Eradus and Jansen, 1999).   
Electronic identification systems have great performance potential at this time 
as they can be used not only for process control on farms, but can also be 
implemented for control tasks such as animal disease monitoring (Artmann, 1999).  In 
addition to animal identification, other practical uses of electronic identification 
systems include identification for feeding, weighing, milk yield recording, monitoring 
of animal health, and meat inspection (Lambooij, 1991).  The ability of electronic 
identification systems to interface readily with computers enables compilation of data 
for an information network that can be used in management, extension, regulation, 
health, trade, processing and consumer decisions (McAllister et al., 2000). 
Geers et al. (1997) defined the components of an electronic identification 
system as: “(i) a device that contains a unique identification number associated with 
an animal; (ii) an activation reading device that initiates communication and interprets 
the code; (iii) software which compiles and collates identification codes with other 
collected information”. 
Fallon et al. (2002) reported that some options available for electronic 
identification of an animal are an electronic button tag in the ear, an implantable 
electronic chip in the ear-base, and an electronic rumen bolus placed in the 
rumen/reticulum by the esophageal route.  Use of an electronic rumen bolus showed 
some good results. The heavy electronic rumen boluses, however, were more 
expensive than either an injectable transponder or an electronic ear tag.  An animal 
with a rumen bolus would require external identification for routine management.  
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Recovery of the bolus post slaughter is more problematic than removal of an 
electronic ear tag (Fallon et al. 2002). 
Electronic identification systems most implemented in livestock are bar code 
systems and RFID systems (Finkenzeller, 2003).   McAllister et al. (2000) found that 
bar codes are frequently damaged under practical production conditions and that 
debris on the tag surface as well as changing light conditions can substantially reduce 
read success.  
Although, RFID has been in existence since the 1940s, only in recent years 
due to technological advancements has RFID been able to compete with barcodes on 
price, performance and size.  In addition, RFID devices with data storage capacities 
comparable with barcodes could be used for a totally automatic record creation 
system (Watts et al., 2002).  RFID has gained significant acceptance for object 
identification  in various supply chains (Ng et al., 2005) and has also been applied to 
the livestock farming industry for disease control, breeding management and stock 
management (Finkenzeller, 2003). 
1.3 RFID systems 
 
RFID is a generic term used to describe a system that transmits the identity (in 
the form of a unique identification number) of an object or person wirelessly, using 
radio waves (RFID Journal, 2005).  An RFID system consists of tags, one or more 
readers (or interrogators) and a network system for data handling (Ng et al., 2005).  In 
a RFID system, data are stored in an electronic data carrying device – the transponder. 
The purpose of the transponder is to reply to an interrogation request received by a 
10 
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reader, mainly by returning data stored in transponder memory such as an identity 
code or the value of a measurement (Popa et al., 2004).  A block diagram of an RFID 
system is depicted in Figure 1.  
 
 
Figure 1.  Block diagram of a RFID system (Popa et al., 2004).  
 
The reader can be a read or a read/write device, depending upon the design 
and technology. The transponder unit is composed of a chip transponder and an 
antenna circuit (a coil, L, and a capacitor, C,). The capacitor can be an internal 
capacitor, an external capacitor or a combination of these two.  In all variants, the 
design will also include in C the parasitic capacitance.  All transponder functions are 
controlled by the reader. 
 
1.3.1 Types of RFID tags 
 
Basically there are three types of tag available commercially based on power 
sources, i.e., active, semi-passive and passive.  Active tags have their own source of 
power, such as a battery, and may initiate communication with a reader or might even 
form ad-hoc peer networks with other active tags (Weis, 2006).  Because they contain 
11 
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their own power source, active tags typically have a much greater operating range 
than passive tags and are often used in livestock tracking applications.  Semi-passive 
tags have an internal battery but are unable to initiate communication and are active 
only when queried by a reader (Weis, 2006).  Passive tags have neither their own 
power source, nor the ability to initiate communication.  They often obtain energy by 
harvesting it from an incoming RF communication signal (Weis, 2006).  
Tags can be also classified as read-only or read/write.  According to 
Mennecke and Townsend (2005), read only tags are preset to a specific identification 
number and will retain that information throughout their life, whereas read/write tags 
can be written to by an appropriate read/write device. Writeable tags would allow full 
information about an animal‟s health and feed data and its recent transportation 
history to be stored so that processors would not have to access any outside database 
to extract the animal‟s relevant information. 
Different RFID systems operate at a variety of radio frequencies (Weis, 2006).  
Different types of standard frequencies and their respective passive read distances are 
listed Table 1. 
 
Table 1. Common RFID operating frequencies (Weis, 2006) 
Frequency Range  Frequencies  Passive Read Distance 
Low Frequency (LF) 120-140 KHz 10-20 cm 
High Frequency (HF) 13.56 MHz 10-20 cm 
Ultra –High Frequency (UHF) 868 – 928 MHz 3 meters 
Microwave 2.45 and 5.8 GHz 3 meters 
Ultra-Wide Band ( UWB) 3.1 – 10.6 GHz 10 meters  
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Ng et al. (2005) proposed the use of UHF tags for livestock identification due 
to their read range and ability to support transmission.  LF tags can be read only at 
close range and may not perform well when multiple tags are simultaneously present 
in the interrogation field.   However, RFID tags presently used in the livestock 
industry are LF tags that are read at a radio frequency of 134.2 KHz (Walker and 
Vaith, 2006).  LF tags are able to be read through non-metallic substances and are 
ideal for scanning objects with high water content at close range (Mennecke and 
Townsend, 2005).  These tags are most appropriate for use with meat products, 
particularly where the tag might have meat between it and a reader. 
In the livestock industry, the four common placements of a RFID used for 
animal identification are – attaching a transponder to the collar, attaching a 
transponder to an ear tag, injecting tiny glass transponders under the animal‟s skin, 
and via a „bolus‟ where the RFID transponder is mounted within an acid resistant, 
cylindrical housing which is inserted permanently within an animals‟ stomach, i.e., 
rumen boluses (Finkenzeller, 1999; Walker and Vaith, 2006). 
1.4 Wireless sensor networks 
 
Wireless sensor network (WSN) technology has advanced rapidly in recent 
years.  Zigbee and Bluetooth technologies are used in WSN technology (Ruiz-Garcia 
et al., 2009).  Sensor networks are capable of monitoring a wide variety of ambient 
conditions such as temperature, humidity, vehicular movement, light conditions, 
pressure, soil makeup, noise levels, and presence or absence of certain kind of objects 
(Estrin et al., 1999).  Sensor nodes can be used for continuous sensing, event 
detection, event identification, and location sensing and actuators (Akyildiz et al., 
2002).   
13 
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The main difference between a WSN and a RFID system is that RFID devices 
have no cooperative capabilities, while WSN devices allow different network 
topologies and multihop communication (Ruiz-Garcia et al., 2009).  Other major 
differences between WSN and RFID system are summarized in Table 2. 
 
 
Table 2. Comparison of WSN and RFID systems (Liu et al., 2008) 
 
Attribute  Wireless sensor network (WSN) RFID Systems 
Purpose Sense parameters in the 
environment or provide 
information on the condition of 
attached objects 
Detect presence of tagged 
objects 
Component  Sensor nodes, relay nodes , sinks Tags, Readers 
Protocols Zigbee, Wi-Fi RFID Standards 
Communication Multihop Single-hop 
Mobility Sensor nodes are usually static Tags move with attached 
objects  
Power Supply Battery powered  Tags are battery powered or 
passive  
Programmability  Programmable  Usually closed systems 
Price Sensor node – medium 
Sink – expensive  
Reader – expensive 
Tag – cheap 
Deployment  Random or fixed  Fixed, usually requires careful 
placements   
Design Goal WSNs are for general purpose  Tags are optimized to perform 
a single operation, such as 
read 
 
 
Deployment of wireless sensors and sensor networks in agriculture and the 
food industry is still in the beginning stage (Wang et al., 2006).  Wireless sensor 
technologies have been used with wild animals to monitor their habitat and for 
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tracking (Mainwaring et al., 2002).  WSN has been used as a way to measure core 
body temperature that is minimally invasive and that provides continuous, remote, 
real-time information (Ruiz-Garcia et al., 2009). 
Mayer et al. (2004) created a WSN platform for animal health and behavior 
monitoring.  A steer is fitted with both internal and external sensors, using matchbox 
sized motes placed inside standard drug release capsules. The nodes are used to 
monitor intra-ruminal activity and to communicate wirelessly with other nodes.  
Nagl et al. (2003) designed a remote health-monitoring system for cattle that 
incorporated various sensors, including a global positioning system (GPS) unit, a 
pulse oximeter, a core body temperature sensor, an electronic belt, a respiration 
transducer and an ambient temperature transducer.  The system was able to 
communicate wirelessly with a base station via Bluetooth telemetry.  Brown-Brandl et 
al. (2001) tested a short-range telemetry system for measuring core body temperatures 
in poultry, beef and dairy cattle. Temperature transmitters were implanted into the 
body.  A CorTempTM miniaturized ambulatory logger received the temperature data 
wirelessly. Test results showed good accuracy, resolution, and response time for 
temperature measurement.  Marsh et al. (2008) implanted an injectable RFID and 
temperature sensor into the neck of a horse to measure body temperature. 
Ipema et al. (2008) demonstrated that capsule-based wireless technology (i.e., 
a temperature sensor built into a bolus placed in the rumen of a cow) can be used to 
monitor temperature. The sensor node in the rumen transmitted data to the sensor 
node attached to the front leg of the cow; from there the signal was transmitted to the 
base station.  Darr and Zhao (2008) developed a wireless data acquisition system for 
monitoring temperature variation in swine barns.  
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1.5 Health sensors 
Temperature, ruminal pH and pulse sensors for animal health monitoring are 
currently available.  
 
1.5.1 Temperature monitoring 
 
Nakamura et al. (1983) defined body temperature as the “single most useful 
measurable parameter and a sensitive indicator of the reactions of the animal to 
physical environmental factors, disease processes, and physiological functions such as 
nutrition, lactation, and reproduction.”   Opasjumruskit et al. (2006) stated that a read-
only RFID sensor, Bio-Thermo, was designed for an animal healthcare application 
which comes in an implantable glass-tube form and uses a 134.2 kHz carrier 
frequency.  The protocol conforms to the animal identification standard (ISO 11785).  
It does not however, provide memory space to store user data. 
The DestronLifechip with Bio-Thermo™ RFID implanted in the nucal 
ligament of a horse proved promising to measure body temperature.  It provided a 
measure of   body temperature similar to the measure of rectal temperature with a 
digital thermometer (Wallace et al., 2008).   According to Nagl et al. (2003), the 
CorTemp system from HQInc  which consists of an ingestible bolus  (the bolus 
houses a temperature sensor, low-power RF transmitter, and power source capable of 
providing up to nine months of power) and a receiver unit is a good temperature 
monitoring system for livestock.   
Many US patents have been filed for temperature monitoring systems used for 
livestock.  A short summary of some of them has been prepared by Guice and 
Thompson (2002) in their patent application: 
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 “ ….. U.S. Pat. No. 3781837 describes a temperature-measuring device which is 
installed into a cow‟s ear and held on by straps. This device required temperature 
compensation in order to monitor animal temperature relative to ambient temperature, 
but provided no means for sending an alert to central control point, which is important 
for large scale production operations. U.S. Pat. No. 3899111 describes an apparatus 
and method for remotely monitoring an animal‟s temperature, but does not describe a 
practical approach for scaling the method to large-scale operations such as 
commercial feedlots.  U.S. Pat. No. 4844076 describes an ingestible continuously 
transmitting temperature monitoring pill. However, the range for this device is not 
practical for use in large-scale commercial operations, nor does it have any features 
for conserving battery life for long-term operation.  U.S. Pat. No. 4854328 describes 
an implantable temperature monitoring electronic capsule with a small low power 
transmitter.  However, the range of this device is limited and requires a receiver 
attached to the animal. Although this patent discloses the use of a relay device for 
increased range, no means are provided to avoid collisions between simultaneous 
transmissions from multiple animals, and no features are described to achieve the long 
battery lifetime required for commercial feedlot operations.  U.S. Pat. No. 4865044 
discloses a temperature sensing system for cattle that used a transmitter and encoding 
circuitry mounted on ear tag connected by wire to a temperature-sensing probe 
located in the ear canal of the animal being monitored.  Although this system has 
value in monitoring temperature of animals in research or small volume operations, 
there will likely be problems with installation time and with retention of the wired 
probe in the ear canal when this system is used in large-scale commercial 
applications.  U.S. Pat. Nos. 5984875, 6059,733 and 6099,482 describe an animal 
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temperature sensor system that uses ingestible boluses for monitoring physiological 
parameters of animals.  Although the size of these boluses provides for a longer 
battery life, and the boluses contain an RF transmission capability, they present a risk 
related to contamination of food products if they are not located and recovered during 
slaughter and processing of food animals.” 
Guice and Thompson (2002) in their patent application claimed that 
temperature monitoring can be done precisely in livestock via their automated animal 
health monitoring system which includes implantable wireless “smart tele-sensor” 
elements that can be implanted within the animal to measure temperature. A sensor-
modulator based in tunnel diode (implanted) was used successfully to monitor 
temperature in rat and humans ( Villamar and Suaste, 2003).  Ipema et al. (2008) used 
a rumen bolus containing a mote (temperature sensor, processor and radio) to monitor 
body temperature in the rumen of fistulated dairy cows.  Ingestible pills for heart rate 
and core temperature measurement in cattle were developed by Martinez et al. (2006).  
 
1.5.2 Rumen pH 
 
Subacute ruminal acidosis (SARA) characterized by periods of low ruminal 
pH, depressed feed intake, and subsequent health problem is a major metabolic 
disorder in ruminants. A record of the pH of ruminal fluid would help to manage this 
disorder.  AlZahal et al. (2007) proposed a system for continuous recording of 
ruminal pH in cattle.  The continuous recording system was composed of two main 
components; an indwelling pH electrode (PHE-7352-6-PT100, Omega Engineering 
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Inc., Stamford, CT) and a portable data logger (pHTemp101, Monarch Instrument, 
Amherst, NH).   
Mottram et al. (2008) developed a wireless telemetric method of monitoring 
clinical acidosis in dairy cows.  They used a rumen bolus consisting of a pH sensor 
with the reference cell being a gell-filled annular space around a glass electrode bulb 
with the reference junction being porous teflon (Fig. 2), a radio transceiver, an aerial 
and a battery.  All components are sealed within an enclosed container small enough 
to pass down the throat of an animal.  
 
                                  
 
Figure 2. Diagram of pH sensor (Mottram et al., 2008) 
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1.5.3 Pulse oximetry 
 
Pulse oximetry was introduced in 1983 as a non-invasive method for 
monitoring arterial blood oxygen saturation which was easy to use, readily available, 
and accurate.  The wearable system can supply information about blood oxygen 
saturation, heart rate and pulse amplitude (Bonfiglo and Rossi, 2010).  According to 
Webster (1997) pulse oximetry designed for human beings works in the following 
way: 
1. “The light absorbance of oxygenated haemoglobin and deoxygenated 
haemoglobin at the two wavelengths is different. To be more precise, the set 
of associated extinction coefficients for the absorption of light for these 
wavelengths is linearly independent with great enough variation for adequate 
sensitivity but not so large that the blood appears opaque to either of the light 
sources. This model assumes that only oxygenated and deoxygenated 
haemoglobin are present in the blood. 
 
2. The pulsatile nature of arterial blood results in a waveform in the transmitted 
signal that allows the absorbance effects of arterial blood to be identified from 
those of non-pulsatile venous blood and other body tissue. By using a quotient 
of the two effects at different wavelengths, it is possible to obtain a measure 
requiring no absolute calibration with respect to overall tissue absorbance. 
This is a clear advantage of pulse oximeters over previous types of oximeters. 
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3. With adequate light, scattering in blood and tissue will illuminate sufficient 
arterial blood, allowing reliable detection of the pulsatile signal. The 
scattering effect necessitates empirical calibration of the pulse oximeter. On 
the other hand, this effect allows a transmittance path around bone in the 
finger.” 
  
Nagl et al. (2003) successfully tested a pulse oximeter for cattle. 
 
1.6 RFID costs and benefits 
 
Coffey et al. (2005) estimated that U.S. beef industry losses caused by export 
restrictions during 2004 ranged from $3.2 billion to $4. 7 billion due to discovery of a 
single dairy cow infected with BSE in the United States in December 2003.  Pendell 
et al. (2010) stated that “An effective animal identification and tracking system might 
reduce such adverse economic impacts of restricted market access resulting from an 
animal health or food safety event if the system could rapidly trace, isolate, and 
mitigate a disease outbreak.”   For example, animal identification and traceability 
systems can significantly reduce the duration of an outbreak, the rate of spread, and 
economic consequences of a highly contagious foreign animal disease (Saatkamp et 
al., 1995, 1997).  Diseases other than BSE, including brucellosis and FMD, may be of 
equal or even more concern. The ability to track animal movement and interaction 
would provide a critical tool for animal health professionals in controlling and 
potentially eradicating these diseases (Bailey, 2004). 
Trevarthen and Michael (2000) concluded that “RFID is currently being 
deployed in government mandated livestock identification schemes across the world. 
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RFID in its basic function can help authorities identify animals, especially when 
traceability becomes paramount during disease outbreaks across regions.” 
Blasi et al. (2003) estimated costs of implementing a RFID system at the 
producer level for cow/calf operators and feedlots.  Costs of transponder tags, 
electronic readers, computer hardware, computer software, internet access, required 
upgrades and labor were included (Tables 3 and 4). 
Table 3. Estimated annual costs for a RFID system for cow/ calf operations of 
different herd sizes (n) (Blasi et al., 2003) 
Herd Sizes 
 (n)  
Total estimated  
annual cost/cow ($) 
63 $ 24.49 
125 $13.78 
188 $10.14 
250 $8.34 
625 $5.08 
938 $4.35 
1250 $3.99 
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Table 4. Estimated annual costs for a RFID system for feedlot operations of different 
herd sizes (n) (Blasi et al., 2003) 
 
Herd sizes  
(n) 
Total estimated  
annual cost/animal 
2,500 $5.40 
5,000 $3.61 
10,000 $2.72 
15,000 $2.42 
20,000 $2.27 
35,000 $2.08 
50,000 $2.00 
 
1.7 Conclusions 
Animal ear tags are currently the most common method of identifying 
individual animals.  Electronic ear tags such as RFID tags are becoming popular 
among farmers and producers. NAIS is likely to require mandatory animal 
identification to track all animals from farm to fork in the near future.  Despite the 
increasing number of RFID ear tag technologies, these technologies do not meet the 
standards set up by USDA for NAIS.  Studies have shown that farmers are interested 
in using sensors to monitor the health status of their animals.  Few companies make 
sensor based systems that can monitor health status of animal. 
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Chapter 2.  Distance coverage study of a ‘Smart Tag’. 
2.1 Introduction 
 
There has been an increase in use of passive and active radio frequency 
identification (RFID) tags for animal identification purposes.  Both passive and active 
RFID tags seem promising when used in close proximity (less than a meter) to a tag 
reader.  However, their distance performance becomes poorer as distance increases.  
Long distance coverage for animal identification and monitoring may be very 
important to the livestock industry for making animal management decisions and to 
better understand livestock behavior, grazing habits, and interactions with the 
surrounding environment (Wark et al., 2007).   Wireless sensor network (WSN)  
technology can not only provide coverage over long distances but is promising for 
monitoring physical or environmental conditions, such as temperature, sound, 
vibration, pressure, motion and pollutants (Akyildiz et al., 2002).  
Baggio (2005) stated that developments in the field of WSNs have allowed 
precision agriculture to be adopted by the agriculture sector.  The first major use of 
WSNs with animals was for tracking zebras as a part of the ZebraNet Project (Zhang 
et al., 2004).  This system provided animal global positioning system (GPS) position 
data taken every few minutes to be transmitted in a peer-to-peer fashion to other 
animals when within range.  Researchers have since proposed more sophisticated 
systems for ad-hoc routing of data through large networks of mobile cattle nodes (e.g., 
Radenkovic and Wietrzyk, 2006).   
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Outbreaks of dangerous diseases such as bovine spongiform encephalopathy 
(BSE) or mad cow disease in the cattle herds of North America and a confirmed BSE 
cow in U.S. in December 2003 (Mathews et al., 2006),  led to intensified efforts to 
establish an animal identification program to protect animal and human health.  Davis 
(2002) reported that nationwide cattle monitoring has been identified as an important 
means of detecting outbreaks of these dangerous diseases and is potentially able to 
save large amounts of money.  Animals tags based on WSNs technology with health 
monitoring sensors could be one option for providing accurate animal identification 
and tracking. 
A prototype of a smart animal identification system („Smart Tag‟) based on 
WSNs technology was developed at the Advanced Telecommunications Engineering 
Laboratory (TEL) located in Omaha, Nebraska at the Peter Kiewit Institute, 
University of Nebraska.  The objective of this study was to evaluate distance coverage 
performance of a prototype of the „Smart Tag‟.  
 
2.2 Material and methods 
 
A prototype of „Smart Tag‟ (Photo 1) based on WSNs technology was 
designed and developed at the Computer and Electronics Engineering (CEEN) 
Department, Advanced Telecommunications Engineering Laboratory (TEL) located at 
the Peter Kiewit Institute, University of Nebraska.   The „Smart Tag‟ operates within 
the Industrial Scientific and Medical (ISM) band of 2.4 GHz, which is license free, 
has a large spectrum allocation and has worldwide compatibility.  
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Photo 1.  A prototype of „Smart Tag‟. 
 
 
 
Photo 2.  A receiver. 
 
This novel „Smart Tag‟ is a self-powered device capable of complete animal 
identification and tracking.   Energy for signal transmission and operating of the tag is 
provided by solar energy (Fig. 3).  The tag also integrates sensors to monitor real time 
health conditions of livestock.  Animal health, breeding and vaccination records can 
also be locally stored and retrieved.   „Smart Tags‟ are capable of self-organizing into 
wireless ad-hoc networks for data reporting and retrieval.  
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Figure 3. Electrical diagram of the energy-harvesting system 
 
Features of a „Smart Tag‟: 
 Self-powered: Tags need no batteries 
 Communicating: Tags wirelessly exchange data  
 Sleep / wake: Tags optimize energy efficiency  
 Security:  All information is encrypted.  All tags use unique identifiers. 
 Location sensing:  Tags are location-aware, can locate each animal. 
 Health sensing:  Tags may be equipped with health sensors (heartbeat, body 
temperature, pulse, etc.) for individual real-time monitoring. Can send alarm if 
health problems are detected. 
 On-tag data storage:  Tags also provide safe and secure data storage for 
vaccination records, milk production, etc.  
 On-tag data processing:  Tags have on-board processor to assist in tracking 
and monitoring health and location, information exchange, etc.  
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Testing of the „Smart Tag‟ was done at the Agriculture Research and 
Development Center Dairy Facility of the University of Nebraska- Lincoln at 
Mead, Nebraska.  
 
2.3 Methods 
2.3.1 ‘Smart Tag’ test with battery as a power source 
 
A „Smart Tag‟ with a battery as a power source was used for this experiment 
to evaluate distance coverage of the „Smart Tag‟.  Materials used for this experiment 
were 1) a „Smart Tag‟ Kit which contained a „Smart Tag‟, a „Smart Tag‟ receiver 
(Photo 2) and animal tag software, 2) a battery power source and 3) laptop computer.   
Effective distance was measured from base station (laptop) to „Smart Tag‟ 
both for a single hop and multi-hops (WSNs use two or more wireless hops to convey 
information from a source to a destination).   Distance coverage and number of 
packets received were measured.  A packet is the unit of data that is routed between 
an origin and a destination on the internet or any other packet-switched network.  
Distance coverage was measured as the distance covered from the base station 
(laptop) to the „Smart Tag‟ (single hop) and also between multi-hops (n=6).  To 
measure distance effectively FLUKE 421 D Laser Distance Meter equipment was 
used.  Packets received were measured as packet counts received at the base station in 
every ten minutes from a particular distance.  Thirty packets received by base station 
within ten minutes were assumed to be the best signal response.   
For every test, temperature, humidity and wind speed measurements for a 
particular location were also taken from national weather station to evaluate their 
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effect on packets received.  A total of 240 observations were made.  Data obtained 
were analyzed using the REG procedure of SAS (Version 9.2, SAS Institute Inc. 
2009).   
 
2.3.1.1 Effect of slope on signal response  
 
This experiment was conducted at Prairieland Dairy located on Firth, 
Nebraska to evaluate signal responses on an area having a slope of 2% with barn 
barriers in the study field.  Numbers of packets received within barn and between 
barns were collected with readings taken at every ten minutes.  Two „Smart Tags‟ 
were used in this experiment. Distance was fixed at 20 meters from base station for a 
single hop. Distances between multi-hops (tags) were also fixed at 20 meters. 
 
2.3.2 ‘Smart Tag’ test with solar as a power source        
 
A „Smart Tag‟ with a solar strip as a power source was used for this 
experiment to evaluate distance coverage.  Materials used for this experiment were 1) 
a „Smart Tag‟ Kit which contained „Smart Tag‟ with solar strip, a „Smart Tag‟ 
receiver and animal tag software, and 2) a laptop computer.   
The methods for this experiment were similar to methods used for the „Smart 
Tag‟ test with a battery as a power source.  Two „Smart Tags‟ were used for the multi-
hop distance analysis.  Other changes in methods were that the device was 
programmed to receive one packet every three minutes.  Packets received were 
measured as packet counts received by base station in every nine minutes from a 
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particular distance.  Three packets received by the base station within every nine 
minutes were assumed to be best signal response.  Time interval to receive packets 
was increased for the solar strip equipped „Smart Tag‟ to minimize energy usage.   
To optimize the sleep and wake function of „Smart Tag‟ and to minimize the 
energy consumption for multi-hops; one „Smart Tag‟ was designated the reference 
tag, the other tags were programmed to synchronize with the reference tag so that 
packets were received in base station in every three minutes.  For every test, 
temperature, humidity and wind speed measurements for a particular location were 
also taken from the national weather station to evaluate their effects on signal 
response.  A total of 70 observations were made.  Data obtained were analyzed using 
the REG procedure of SAS (Version 9.2, SAS Institute Inc. 2009).   
 
2.4 Sun exposure 
To determine how much sun exposure is required to power up and to reach 
operational mode, the „Smart Tag‟ was exposed for an hour in sunlight.  Sun exposure 
is described as the state of sky and is measured on a percentage scale. When there are 
no clouds on the sky, sun exposure at that moment may be more than 95%.   Electrical 
energy which was harvested by using the solar strip was stored in the capacitor of the 
„Smart Tag‟.  This stored electrical energy was measured in voltage by using 
RadioShack volt meter.  Information about sun exposure was obtained from the 
national weather station. 
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2.4 Results  
2.4.1 ‘Smart Tag’ powered with battery source 
2.4.1.1 Distance coverage for a single hop 
 
Distance coverage was measured for a single hop „Smart Tag‟.  In this 
experiment, initial distance was 10 meters from the base point (laptop).  The farthest 
distance covered was 40 meters.   After 40 meters no packets were received.  
 
Figure 4. Regression line for regression of number of packets received on distance 
from base point. 
 
Distance data were analyzed using Proc Reg (SAS). The mean distance for a 
single hop was 22.6 ± 1.38 m from where 30 packets were received by the base 
station.  Number of packets received was taken as the dependent variable and distance 
was the explanatory variable.   
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There was a significant linear effect of distance (p < 0.05) on number of 
packets received. The estimate of the intercept 
0ˆ  was 58.272 and the linear 
regression independent variable coefficient was -1.3309.  So, the fitted line is:  
Packets received = 58.272 – 1.3309*distance (Fig. 4). 
 
2.4.1.2 Effects of temperature, humidity and wind effect on packets received 
 
Effects of temperature, humidity, and wind were estimated separately. 
Temperature (Fig. 5), humidity (Fig. 6) and wind (Fig. 7) had no effect on number of 
packets received (p > 0.05). 
  
 
 
 
 
                     Figure 5.  Effect of temperature on number of packets received. 
 
0
5
10
15
20
25
30
35
40
0 10 20 30 40 50 60 70 80
P
a
ck
et
s 
R
ec
ei
v
ed
 
Temperature ( ° F) 
39 
 
 
7
5
P
a
g
e3
9
 
 Pa
g
e
3
9
 
 
 
Figure 6. Effect of humidity on number of packets received. 
 
 
 
 
 
 
 
 
Figure 7. Effect of wind on number of packets received. 
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2.4.1.3 Distance coverage for multi-hops 
 
Six „Smart Tags‟ were used for this study.  Distance coverage from the 
farthest „Smart Tag‟ to the base station via multi-hops was 135.97 meters in the open 
field.  Packets were wirelessly transmitted (Fig. 8) from one tag to another and to base 
station.  The particular feature of these smart tags is they can form a wireless network, 
i.e., if more tags are connected, the larger the network will become and the larger the 
coverage area will be. The routing algorithm that has been designed helps a particular 
tag identify the nearest tag to send information back and forth to the base station. 
 
  
 
 
 
Figure 8.  An example of packet transmission via multi-hops to base station 
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2.4.1.4 Effect of slope on signal response 
For a barn slope of 2%, number of packets received at the base station was 
ranged from 27 packet counts to 35 packet counts in every ten minutes period.  
Between barns signal responses ranged from 26 to 30 packet counts (Fig. 9) and 
within barn signal responses ranged from 32 to 35 packet counts (Fig. 10).  Even 
though the between barn packets received count was less than within barn, signal 
transmission seems promising even with a barn barrier (wall). 
 
 
 
 
Figure 9. Bar diagram showing number of packets received between barns with of 
slope 2%. 
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Figure 10. Bar diagram showing number of packets received within barn with  of 
slope 2%. 
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2.4.2 ‘Smart Tag’ with solar power source   
2.4.2.1 Distance coverage for single hop 
 
 Distance coverage was measured for a single hop „Smart Tag‟.  In this 
experiment, initial distance was 10 meters from the base station.  The farthest distance 
covered was 29 meters (Fig. 11).  After 29 meters no packets were received. 
 
 
 
Figure 11.  Regression line for regression of number of packets received on distance 
from base station. 
 
The farthest distance for a single hop was 29 meters from where three packets 
were received by the base station in every nine minutes.   
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2.4.2.2 Effects of temperature, humidity and wind on number of packets received 
 
 Effects of temperature, humidity, and wind were estimated separately. 
Temperature (Fig. 12), humidity (Fig. 13) and wind (Fig.14) had no effect on number 
of packets received.  
 
 
 
 
Figure 12.  Effect of temperature on number of packets received. 
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Figure 13.  Effect of humidity on number of packets received. 
 
 
 
 
 
Figure 14.  Effect of wind speed on number of packets received. 
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2.4.2.3 Distance coverage for multi-hops 
 
Two „Smart Tags‟ were used in this experiment.  Distance coverage from the 
farthest „Smart Tag‟ to the base station via multi-hops was 54 meters in the open field. 
 
2.4.3 Sun exposure 
 
Energy harvested from the solar strip is stored in the capacitor of the „Smart 
Tag‟. The „Smart Tag‟ begins to operate when the energy stored is more than 1.9 volt.  
Sun exposure of more than 35% seems sufficient for the solar strip to harvest enough 
solar energy to operate the „Smart Tag‟. Figure 15 shows amount of sun exposure 
required to obtain electrical energy from solar strip.  When sun exposure was about 90 
%, electrical energy obtained was 3.1 volt per hour.  
 
 
Figure 15.  Voltage after keeping „Smart Tag‟ for an hour in sunlight of various 
intensities. 
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2.5 Discussion 
The test of a „Smart Tag‟ with battery as a power source showed the working 
efficiency of prototype „Smart Tag‟.  Distance coverage was successful for multi-hops 
(n =6).  Using solar powered „Smart Tags‟, the single hop distance coverage was 29 
meters and for multi-hops (n=2) distance coverage was approximately 54 meters.  
Due to ad–hoc wireless nature of „Smart Tags‟ the true size of the network is limited 
by the number of available „Smart Tags‟. The more tags that are connected, the larger 
the network will become and the larger the coverage area will be.   
 
Temperature, humidity and wind speed had no effect on distance coverage in 
this study of battery powered and solar powered „Smart Tags‟.   Adverse weather 
conditions, however, may cause crystal frequency to shift, thermal noise level of 
transceiver to increase, and amplifiers to saturate, resulting in performance 
degradation of the radio device (Boano et al., 2010).    Adverse weather conditions 
such as rainfall, snowfall and high wind speed may cause fading of signals (Nadeem 
et al., 2010). 
 
Solar energy is one of the best alternatives to make „Smart Tag‟ self-powered.   
This study showed that sun exposure of more than 35% is required to operate a „Smart 
Tag‟.    
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2.6 Conclusions 
 „Smart Tag‟ is a self-powered, small, energy efficient wireless sensor tag that 
can cover a large area.    Even though, solar energy seems promising to operate a 
„Smart Tag‟, shortage of energy may arise during winter months when there is 
minimal sun exposure.  This problem can be solved by developing better technology 
to harvest energy from different sources such as thermal and body vibration, and by 
developing more energy efficient sensor boards.    Future work should focus on   
incorporating health sensors in „Smart Tags‟. 
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Chapter3. Cost-benefit analysis of ‘Smart Tag’ implementation. 
3.1 Introduction 
Torrey and Yolken (2005) stated that the most important reason for decline of 
ancient civilizations was the spread of infectious diseases. Many of these diseases 
were caused by microbes that had spread to humans from domesticated animals.  An 
effective animal identification and tracking system is a current need of every country 
to protect animal and human health.  Elbakadize (2008) concluded, “One of the 
options to prepare for a potential outbreak of an infections livestock disease is to 
initiate an animal tracking system, which would provide information on animal 
movements and facilitate disease management.”   
Electronic animal identification and tracking, in case of an animal disease 
outbreak, could provide a quick and effective way to find all subsequently infected 
animals and herds.  Action can then be taken to eradicate or prevent the spread of the 
disease.  Various types of electronic animal identification systems are available such 
as passive and active RFID tags.   These tags are, however, incapable of providing a 
complete tracking system.  A „Smart Tag‟ was designed and developed at the 
University of Nebraska for rapid and accurate identification of animals for tracking 
and health condition monitoring. 
The „Smart Tag‟ is built on wireless sensor network (WSN) technology which 
is new to animal producers.   Before producers consider purchase of a „Smart Tag‟ 
system, they need to understand the direct costs of „Smart Tag‟ to compare with 
expected benefits.  The objective of this study was to do a cost-benefit analysis of 
„Smart Tag‟ implementation. 
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3.2 Materials and Methods 
3.2.1 ‘Smart Tag’ system costs 
 
A Microsoft Excel spreadsheet tool entitled “RFID Costs” developed by 
Dhuyvetter and Blasi (2003) was slightly modified and used to estimate the cost of 
„Smart Tag‟ implementation.  The modified spreadsheet tool requires the user to 
provide critical pieces of information: interest rate, „Smart Tag‟ cost, data 
accumulator (data accumulators are devices that accumulate information sent by the 
reader, e.g., laptop) cost, software and other costs (subscription, labor and internet 
outlays), useful life, salvage value and percentage of the component cost that should 
be applied to the „Smart Tag‟ system.  Interest rate, investment life, initial investment, 
and salvage value were used to estimate the annualized costs of the management 
system.   
The initial cost of each „Smart Tag‟ was fixed at ten dollars.  Useful life of 
„Smart Tag‟ was five years.  Interest rate was set at 6.5%.  Data accumulator cost, 
software and internet access costs, subscription/upgrade fees and labor costs were 
taken without adjustment from Dhuyvetter and Blasi (2003).  
Mus (2006) explained the variables used to provide cost estimation of RFID 
tags.   The modified model takes into account the following variables to provide cost 
estimation of „Smart Tag‟ system, 
Where,  
D = annual depreciation rate (%), 
IV = initial value of equipment (US dollars), 
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SV = salvage value of equipment (US dollars), 
EL = expected life of the equipment (years), 
R = annual interest rate (%), 
r = monthly interest rate (%), 
t = time (month), 
T = time (year), 
A.I.C. = accrued interest cost , 
SH = size of herd (number of dairy cows), 
P = fraction of equipment cost assigned to „Smart Tag‟ system, and  
M = monthly cost of the operational activity 
 
Initial equipment cost used in the model for cost computation was depreciated 
over number of years depending on the expected life of the equipment. Equation 2.1 
was used to compute the annual depreciation cost of the equipment. 
                              (2.1)          
Depending upon the equipment (tags, data accumulator, and software) the 
model divides cost into investment and operational costs.  To find the interest cost of 
equipment equation 2.2 was used.  
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              (2.2) 
 Equation 2.3 was used to find total annual cost of equipment per animal 
taking into account interest cost as well as initial value of equipment.  Equation 2.3 
was used to compute cost of the equipment for various herd sizes. 
                                                                                    (2.3) 
As stated earlier, the cost of the „Smart Tag‟ system is split into investment 
and operational costs, which include costs of Smart Tags, internet access, subscription 
fees and labor.  Equation 2.4 is used to calculate operational cost per animal.  The 
computation is similar to computation of an annuity.  
                                                                   (2.4) 
The sum of results from equations 2.3 and 2.4 is the annual per animal cost of 
a „Smart Tag‟ system. 
 
 
 
 
  
Cost of equipment per animal 
Operational cost per animal 
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3.2.2 ‘Smart Tag’ cost projection 
 
The „Smart Tags‟ can be reused.  A dairy herd was taken as an example.  A 
spreadsheet model was developed  with assumptions of  a yearly 30% cull rate and  a 
50%  reuse rate to compute yearly costs of „Smart Tags‟ for five years assuming a 
fixed cost of each „Smart Tag‟ of ten dollars.  
 
3.2.3 ‘Smart Tag’ benefits 
 
The „Smart tag‟ system can provide many benefits but not all can be 
quantified easily. To describe some benefits in monetary terms for dairy cattle 
industry, an interactive dairy farm income calculator entitled “Dairy farm income and 
cash flow calculations” was developed by Keown and Dhakal (2010) and was used in 
this study.  It can be downloaded at 
http://www.ianrpubs.unl.edu/epublic/live/g2034/build/g2034.pdf  .   A 5% reduction 
in labor and in miscellaneous costs was assumed.  
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3.3 Results 
3.3.1 Costs of ‘Smart Tag’ Systems per year  
For large herds ranging from 2,000 to 8,000 animals the cost of a „Smart Tag‟ 
system per animal was between   $12.14 and $11.80 (Fig. 16).  
 
Figure 16. Total annual cost of a „Smart Tag‟ system in dairy herds ranging from 
2,000 to 8,000 animals. 
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 For smaller herds ranging from 100 to 400 animals the cost of a „Smart Tag‟ 
system per animal was between $20.00 and $13.81 (Fig. 17). 
 
Figure 17. Total annual cost of a „Smart Tag‟ system in dairy herds ranging from 100 
to 400 animals. 
The non-linear relationship between cost and herd size is due to spreading out 
fixed costs over a larger number of animals.   The fixed and variable costs per animal 
decrease as herd size increases.  
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cost was $600.00, in the third year the cost was $1020.00, in the fourth year the cost 
was $1314.00, and in the fifth year the cost was $1519.80 (Fig. 18). The total cost for 
a „Smart Tag‟ system for a dairy herd of size 400 for 5 years was projected to be 
$8453.80. 
 
Figure 18. Cost of a „Smart Tag‟ system for each five consecutive years in a dairy 
herd of size 400. 
3.3.3 Value of ‘Smart Tag’ benefits 
 
Net income would increase with use of a „Smart Tag‟ system.  The increase in 
net income is less in small size herds.  As herd size increases the difference between 
net income and net income due to use of a „Smart Tag‟ system increases (Table 5, Fig. 
19 and Fig. 20).  
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Table 5. Net income with and without a „Smart Tag‟ system for different herd sizes 
Herd 
Size 
Net Income in US 
Dollars
a
 
Net income in US 
Dollars
b
 
Difference (a-b) in US 
Dollars 
100 36,892 34,708 2,184 
150 55,338 52,063 3,275 
200 73,783 69,417 4,366 
250 92,229 86,771 5,458 
300 110,675 104,125 6,550 
350 129,121 121,479 7,642 
400 147,567 138,833 8,734 
2,000 
737,833 694,167 43,666 
3,000 
1,106,750 1,041,250 65,500 
4,000 
1,475,667 1,388,333 87,334 
5,000 
1,844,583 1,735,417 109,166 
6,000 
2,213,500 2,082,500 131,000 
 
7,000 
2,582,417 2,429,583 152,834 
8,000 
2,951,333 2,776,667 174,666 
a = Net income with „Smart Tag‟ system,   
 b = Net income without „Smart Tag‟ System 
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Figure 19.  Net income with and without a „Smart Tag‟ system in dairy herds ranging 
from 100 to 400 animals. 
 
Figure 20.  Net income with and without a „Smart Tag‟ system in dairy herds ranging   
from 2,000 to 8,000 animals. 
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3.4 Discussion 
 
The initial cost of „Smart Tag‟ system is much greater than for current 
electronic RFID tags found in market.   The cost of each „Smart Tag‟ for smaller 
herds was greater than for larger herds because in larger herds fixed costs are spread 
over a larger number of animals.   The fixed and variable costs per animal decrease as 
herd size increases.  
Even though current market RFID tags are less expensive they do not reliably 
track animals and they require usage of batteries for operating.  In contrast, „Smart 
Tags‟ are wireless, eco-friendly and can be recoded and reused.  In the long term a 
„Smart Tag‟ system would be beneficial for animal producers because of unique 
features such as accurate and rapid animal identification, tracking and health 
monitoring. 
The animal tracking property of „Smart Tag‟ would help in „farm to fork‟ 
traceability.  Proper animal identification and tracking functions would reduce the 
impact of outbreaks of diseases because instantaneous tracking would be available to 
locate animals and herds to quarantine.  According to Elbakadize (2008), “The sooner 
the information on animal movement is available to be accessed, the sooner 
appropriate response actions will be implemented to halt the disease spread. 
Decreasing the time necessary to trace animal movement substantially decreases the 
loss that could be suffered due to outbreak of highly contagious animal disease such 
as Foot and Mouth Disease (FMD).”   In addition to, animal tracking and 
identification benefits, there are many other benefits of „Smart Tag‟, such as data 
security, history record and health monitoring as shown in Figure 21.  
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Figure 21. Potential benefits of the „Smart Tag‟ system over RFID tag systems 
currently in use. 
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3.5 Conclusions 
 
The initial costs of „Smart Tag‟ system are greater than other animal 
identification tags currently available.  However, due to its unique features such as 
being self-powered, having greater distance coverage, and having health monitoring 
sensors; the benefits will outweigh the investment cost in the long run.  
 „Smart Tag‟ systems would be more beneficial in livestock production 
environments than other animal identification technologies due to its peculiar features 
such as encrypted information for data privacy, wireless identification, and its ability 
to operate purely on energy harvested from its environment such as solar power. 
Considering the large number of animals that need to be tagged according to USDA 
traceability requirements, including 104.8 million cattle and 65.1 million hogs, a 
complete solution such as „Smart Tag‟, has the potential for economical and social 
impacts as seen in other emerging technologies. Costs would be expected to decrease 
as the technology is adopted. 
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Appendices 
Appendix 1.  „Smart Tag‟ system cost model 
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Appendix  2.  Dairy farm income and cash flow calculations model 
 
 
